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- Sex determination and sex differentiation 
- The production and biology of polyploid and gynogenetic fish  
- Gene expression during spermatogenesis 
- The kisspeptin system and the neuroendocrine control of puberty 
Scientific Objectives 
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Sex determination: A major paradox in evolutionary biology 
Genes NOT conserved. 
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Sex ratio: A key parameter in population biology 
Sex determination + sex differentiation            Sex ratio 
- Sexual selection 
- Evolution of sex determining mechanisms  
- Sex allocation 
- Speciation 
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Penman and Piferrer (2008). Fish gonadogenesis. Part I. Genetic and  
environmental mechanisms of  sex determination. Rev. Fish. Sci. 16(s1), 14-32. 
Sex Determination: Different means towards the same end 
Sex Determining Mechanisms in Gonochoristic Fish 
Penman and Piferrer, 2008. Rev. Fish. Sci. 16(S1), 16-34 
Approaches to the Elucidation of SDMs in Fish 
Direct Methods 
 Cytogenetic studies (number and shape) 
 Isolation of sex-specific markers (sex-linked inheritance) 
 
 
 
 
 
 
 
Indirect methods 
 Analysis of sex ratios in progeny from sex-reversed fish 
 Analysis of sex ratios among different families 
 Analysis of sex ratios in progeny from interspecific crosses 
 Analysis of sex ratios in artificial gynogens or polyploids  
- Compare male vs. female DNA using different types of DNA profiling/fingerprinting 
- Subtractive techniques to look directly for sequences that differ between sexes 
- Candidate gene approach, using information gained in other systems 
- Linkage mapping approaches. Segregating analysis followed by positional cloning.  
- Molecular cytogenetic approaches 
Algorithm to distinguish among several sex determination mechanisms 
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Identification of Sex-Specific or Sex-Linked Sequences 
Penman and Piferrer (2008). Rev. Fish. Sci. 16(S1), 16–34 
Progeny sex ratios from sex-reversed individuals 
E2- treated female 
x regular male 
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1M:1F or 2M:1F XX/XY with YY lethal 
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Deduced mechanism 
the sex-reversed parent yielding a 3:1 sex ratio biased to the opposite sex is heterogametic 
Indirect method gives:  100% F in XX/XY species 
   100% M in ZW/ZZ species 
Elucidation of Sex Determining Mechanisms in Fish 
Results 
Family sex ratios that vary from 
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within, temperatures 
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Carry out experiments with several half-sib families (several sires per dam) 
Determine if sex ratio differences among families represent  genetic rather than maternal influences 
Estimate tyhe magnitude of: 
 additive genetic effects (e.g., effects of numerous minor genes) 
 non-additive genetic effects (e.g., genes of major effects, as in dominance) 
 environmental effects (e.g., presence of TSD) 
Genomic Approaches to Study Sex Determination 
Array-Based CGH 
large numbers of repetitive DNA sequences 
accumulating around the sex-determining genes 
Comparative Genomic Hybridization (CGH). 
Characterization of  DNA copy number variation (CNV) 
between two genomic DNA (gDNA) samples. 
Identify small differences such as deletions 
on sex chromosomes or differential sex 
chromosome numbers 
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Genomic Approaches to Study Sex Determination 
Ultra-High Throughput 
Genome Sequencing 
  
Genome sequences available in fish (fugu, ZF, 
Stickleback, Tetraodon) but without information 
on major sex-determining genes 
! 
Technically feasible and affordable for well-
equipped small laboratories 
  
x Short sequences & lack of annotation 
- Lower prices 
- Better sequencing capabilities and protocols 
- Better assembly methods 
(ESTs) Databases  
and Development  
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A large number of genes involved in vertebrate sex differentiation or early 
gametogenesis in economically important species such as the rainbow trout 
and sole Baron et al., 2005; Vizziano 
  
  
New candidate genes potentially involved in the process of 
vertebrate sex differentiation.  
 
GO cluster in masculinizated females (Baron et al., 2007, 2008). 
  Microarray 
  
Subtractive 
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Approaches 
Fish model species for male- and female-specific cDNA during sex 
differentiation  (Kanamori, 2000).  
 
Tilapia to identify downstream gene products following feminization of an 
XY all-male (Kobayashi et al., 2003) 
  
  
Genomic Approaches to Study Sex Differentiation 
Hierarchical Clustering in RT Hormonal Treatment 
Baron et al,  2008 
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The case of the sea bass (Dicentrarchus labrax) 
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Navarro-Martín et al., 2009. Gen. Comp. Endocrinol. 160, 3–11 
Simplified diagram with some of the elements 
involved in testicular vs. ovarian differentiation in fish 
Sex-related differences in expression of key  
genes according to size in the sea bass 
Blázquez et al., 2009. J. Exp. Zool., 312B 
Sex-related differences in gene expression 
profiles during sex differentiation 
Blázquez et al., 2009. J. Exp. Zool., 312B 
Temperature effects on sea bass sex ratios 
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Kraak & de Looze (1992).  
Neth. J. Zool. 43: 260-273. 
Guiguen et al. (2009). 
Gen. Comp. Endocrinol. (in press) 
Ospina-Álvarez and Piferrer (2008). PLoS ONE 
TEMPERATURE 
EFFECT 
Thermal regime 
currently used in sea 
bass farming
Thermal regime 
that does not 
affect sex ratio
Female percent
A
B
D
a
y
s
 r
e
a
re
d
 a
t 
=
1
7
ºC
 
s
ta
rt
in
g
 a
t 
0
 d
p
f
106-120
76-105
46-75
16-45
= 15
(n=4)
(n=7)
(n=10)
(n=8)
(n=11)
a
ab
ab
ab
b
100806040200
100806040200
Females masculinized 
by high temperature
Females not affected 
by temperature
+
-
D
a
y
s
 r
e
a
re
d
 a
t 
=
1
7
ºC
 
s
ta
rt
in
g
 a
t 
0
 d
p
f
Arrows indicate sex ratio variation 
due to G x E interactions.                                    
Arrows indicate sex ratio 
variation due to parental 
influences. Average ~50% 
phenotypic females
+
-
*
D
a
y
s
 r
e
a
re
d
 a
t 
=
1
7
ºC
 
s
ta
rt
in
g
 a
t 
0
 d
p
f
D
a
y
s
 r
e
a
re
d
 a
t 
=
1
7
ºC
 
s
ta
rt
in
g
 a
t 
0
 d
p
f
Navarro-Martín et al., 2009. Aquaculture (submitted) 
Shift in paradigm on temperature effects on sex ratios 
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Temperature-insensitive fish  
are those males that cannot be  
feminized by low temperature 
Low temp. induces female differentiation 
High temp. induces male differenntiation 
Navarro-Martín et al., 2009. Aquaculture (submitted) 
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Low temp. allows female differentiation 
High temp. induces male differntiation 
Temperature-insensitive fish  
are those females that cannot be  
masculinized by high temperature 
Ec. 
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Age-length Relationship and Sex Differentiation in the Sea Bass 
Based on Blázquez et al. (2009). J. Exp. Zool., 312B (in press) 
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Gene Expression During Spermatogenesis 
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Developmental dynamics of sex determination  
and differentiation in sea bass vs mice 
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Sea bass 
Ultimate goal besides basic science: For applications to aquaculture, it would be highly 
desirable to determine sex ratios of a particular batch of larvae as soon as possible, when 
invested resources are still low, by taking a random sample of larvae and determining the level 
of a few molecular markers. 
Usefulness  
Feasibility  
Artemia problem 
Aquagenomics 
Goal:   
    Discovery of gene expression patterns  
    associated with ovarian vs. testicular differentiation 
 - Comparison with other species 
 - Novel genes  
 - Management during early development 
 - Broodstock selection 
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Experiments:  
- Effects of temperature 
  and feeding regimes 
 
- Administration of rFSH 
Genomics of Sex Differentiation 
Tools:  
- 454 sequencing and anaysis  
  of the testicular vs. ovarian  
  transcriptome of both sea  
  bass and turbot. 
 
 
 
 
 
 
 
 
- Use of a oligo microarray 
454 sequencing Strategy for Sea bass 
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